Abstract The experimental data of the isotopic distribution for projectile-like fragments are presented for the 17,18 N + 197 Au reaction at 33 MeV/u. The width of the isotopic distributions for 18 N projectile is significantly broader than that for 17 N projectile, and the average N/Z ratio of the former shifts to higher neutron number side. As long as the realistic nucleon density distribution is used, the isotopic distribution for fragments is reproduced by the simple abrasion-ablation model calculation, which thus provides an independent way to determine the surface distribution of the nuclear matter density for neutron-rich nuclei.
Introduction
The fragmentation reaction has been investigated for decades. Such investigation can not only gain a valuable insight into reaction mechanisms, but also provide a powerful method for producing neutronrich or proton-rich exotic nuclei [1∼10] . In the recent years, isospin effect on projectile fragmentation reaction at energies of several tens of MeV/u has attracted new interests. FANG et al. applied a modified statistical abrasion-ablation model to reproduce the inclusive isotopic distribution for fragmentation reaction of 60 MeV/u 18 O+ 9 Be [11] , 44MeV/u 40 Ar+ 181 Ta, 86 Kr+ 27 Al and 129 Xe+ 90 Zr [12] . Theoretical calculations demonstrate [11∼13] that the isospin effect of projectile fragmentation reaction decreases with the increase of the difference Z-Z P , where Z and Z P are atomic numbers of an isotopic chain and the projectile, respectively. For central collisions which can produce isotopes with large Z − Z P , the excitation energy of the fragment is generally high and is easier to evaporate neutrons, diminishing the isospin effect. On the other hand, the peripheral collisions normally generate isotopes with low Z − Z P , exhibiting clear isospin effect depending on the composition of the projectile.
In contrast to the fragmentation reaction using stable nucleus beams [12] , so far the experimental data of isotopic distribution for reactions induced by radioactive nucleus beam (RNB) are still very scarce. In the present paper we report the study of isotopic distribution of the projectile-like fragments in the reaction of 17, 18 N+ 197 Au at 33 MeV/u. 
Experimental setup
) particles were achieved by the measurement of energy loss ∆E in a thin scintillation counter and the time-of-flight (TOF) between one scintillation counter installed at the first focal point of RIBLL and another in front of the secondary target.
Two parallel plate avalanche counters (PPACs), each with 100 mm × 100 mm active area, were set on both sides of the target to monitor the beam spot and to select incident particles which hit the target. The distance from the upstream PPAC to the target was 25 cm and that from the downstream PPAC was 15 cm. The position resolution of the PPAC in X or Y dimension is about 2 mm. The charged fragments were detected with 14 Si counter telescopes which were installed symmetrically around the beam axis and covered angles from 2.6 o to 13 o in laboratory system. Each telescope was composed of 3 Si detectors, namely ∆E 1 , ∆E 2 and E r , with sensitive thickness of 500 µm, 700 µm and 3500 µm, respectively, and subtended a solid angle of 0.4 ∼ 2 × 10 −3 sr. The particle identification performance is good enough to clearly distinguish the isotopes for Z ≤ 6. The emitted neutrons were detected by a set of 16 plastic scintillation detectors located at a distance of 1.5 meter from the target. Each plastic scintillation detector is made of NE110 crystal coupled to a XP2020 photo-multiplier tube and subtended a solid angle of 3×10 −3 sr. The absolute intrinsic efficiency of the neutron detector was calculated with a Monte-Carlo simulation code [14] for neutrons of 3 MeV to 80 MeV. For a detection threshold set at 1 MeV electron equivalent energy, the efficiency varies from 2% at 3 MeV to a maximum of 35% at 7 MeV and then decreases down to 18% at 80 MeV [15] .
Analysis
In order to minimize the effect of evaporation related to central collisions and the effect of high dissipation process, it is necessary to select experimentally the peripheral and low dissipative reaction channel that would disturb the interior structure of the projectile to a less extent. We demonstrate that in the reaction induced by neutron-rich nuclei, such as 17 N and 18 N, at intermediate energies the detection of the fragments close to projectile in coincidence with neutrons provide a good way to realize this selection [12, 16] . So the experiment ran with three trigger modes: inclusive neutron, inclusive fragment and neutron fragment (for 18 N only). Neutron energy spectra were measured at angles between 4 o and 85 o by using the TOF method. The inclusive neutron energy spectra at different angles for 33 MeV/u
18 N+ 197 Au reaction shows that the energy spectrum exhibits a complex structure from 80 MeV down to 4 MeV, implying that the observed neutrons were generated by different reaction mechanisms, nucleon-nucleon collisions between the projectile-target, break-up of 17, 18 N and statistical evaporations from the hot nuclei [17] . In particular for the spectra measured at small angles, a pronounced peak is observed around 20 MeV which may be explained as direct break-up of the projectile. This peak deceases with increasing angle and disappears above 45
o . Fig. 1 shows scatter plots of ∆E 1 vs E (E = ∆E 1 + ∆E 2 + E r ) for fragments at around 4.6 o in coincidence with detected neutrons, for reaction of 18 N+ 197 Au at 33 MeV/u. More concretely, Fig. 2 presents a histogram for the particle identification of C isotopes, which shows good isotopic resolution in the experiments.
For the inclusive measurement, the double differen-
for each isotope, where F means fragment, can be obtained from the scatter plots for fragments. For the coincident measurement presented here, the quantity obtained directly is the tri-
where n means neutron. Namely, the double differential
in coincidence with neutrons were gained. Fig. 3 shows the double differential cross sections for inclusive 13 C isotope (open circles) and that in coincidence with neutrons (solid squares), at 2.6 o laboratory angle for the reaction of 16 N + 197 Au. It is remarkable that the energy spectrum profile for the coincident measurement shifts towards higher energy side and the angular structure gets narrower, compared to those for inclusive measurement. As a matter of fact the structure in energy and angular distributions characterize the importance of the dissipation process [10] , i.e. higher dissipation corresponds to broader angular distribution and higher energy loss. Therefore the coincident data for 13 C, which is an isotope close to the projectile (close-by fragment) and produced primarily from the peripheral collisions [11] , correspond to low dissipation process whereas the inclusive data are influenced by high dissipation process. However for fragments far away from the projectile (far-away fragment) which are produced primarily in central collisions [11] , such as Li and Be isotopes, the difference between the inclusive and coincident measurements disappears. Fig. 4 displays the production cross sections for C 18 N projectile than for the 17 N projectile. Therefore the average N/Z ratio of a given isotopes chain shifts upward and the isotopic distribution becomes broader for 18 N projectile compared to those for 17 N projectile. This is a clear demonstration of the isotopic effect of the projectile. (2) The production cross sections of the close-by fragments (C and B) produced in 18 N+ 197 Au reaction show clear difference between the inclusive and coincident measurements, with the former being significantly larger than the latter. This reveals that the coincident measurement provides to some extent the selection of certain reaction process in consistent with the phenomena observed in the energy and angular distribution as mentioned above. But for far-away fragments, such as Be and Li isotope chains, the difference between the inclusive and coincident data is largely reduced. Since many aspects of physics for neutron-rich nuclei are involved in the reaction at intermediate energies, it should be interesting to utilize the coincident measurement for close-by fragments to select the relatively pure reaction mechanism which could in turn be described by relatively simple physics model calculation.
Statistical abrasion-ablation model calculation
The experimental data will be explained with the abrasion-ablation model. This model was initially developed [18] to describe the isotopic distribution observed in the peripheral collisions induced by heavy ions at relativistic energies.
In the present work we adopt the statistical abrasionablation model developed by BROHM et al. [19] who considers the independent nucleon-nucleon collision when the projectile and target nuclei approach each other. To calculate the excitation energy of the "spectator" fragment an expression given by R. DAYRAS [20] was used E * = αE surf + (1 − α)S gg , where E surf expresses the change of the surface energy of the nuclei before and after the collision, S gg the nucleon separation energy of the ground state nucleus, and an adjustable parameter describing the contribution of E surf relative to S gg . HEUER [21] studied the parameter α as a function of incident energy and the projectile-target mass combination. It was found that the value of α parameter is close to 1 at relativistic energies and decreases with a decline of the incident energy. The value also increases with the mass of the colliding system. The calculation with abrasion-ablation model has then only one free parameter α.
We firstly adopt the nucleon density distributions of 17,18 N projectiles given by RMF (the relativistic mean field) calculation [22] . Then we use a Fermi density distribution which is phenomenological and widely used in the literature ρ (r) = ρ 0 /[1 + exp (r − R)/d], where R = r 0 A 1/3 , r 0 and d are adjustable parameters, being the same for both proton-and neutron-density densities in the present study.
Finally the abrasion-ablation model calculations for C, B, Be and Li isotopic distributions are presented in Fig. 4 by using the optimized parameters r 0 = 1.36 fm and d = 0.54 fm, where the value of r 0 is quite larger than the systematic value of r 0 =1.25 fm for stable nuclei. It should be noted that the extracted nucleon density distributions of 17 N and 18 N by this method are not sensitive to parameter α, in which the values in the range of 0.65 to 0.85 are chosen. The calculation shows that at intermediate energies the abrasionablation model is able to describe the coincident data for the close-by fragments (C isotopes in our case) as long as the proper nuclear matter density distribution is used, whereas it clearly underestimates the inclusive data for the same isotopic chain. Based on the assumptions of the abrasion-ablation model it may be speculated that the close-by fragments in coincidence with neutrons come primarily from the peripheral and low dissipation process, whereas the inclusive data are contaminated by some other reaction mechanisms, such as nucleon transfer reaction and deep inelastic reaction (DIR). On the other hand if we want to extract the surface density distribution of the projectile through the simple abrasion-ablation model calculation it is important to use the coincident data to select the corresponding peripheral and low dissipative process. For far-away fragments, such as Be and Li isotopes, the calculation obviously underestimates the experimental data, especially at the most neutron-rich side of the isotopic distribution. It may arise from the strong dissipation experienced by the fragments which can not be described by the present abrasion-ablation model.
Summary
In conclusion, isotopic distributions of the projectilelike fragments were measured for the reaction induced by 17, 18 N projectile at 33 MeV/u on 197 Au target. The width of the isotopic distributions for 18 N projectile are significantly broader than that for 17 N projectile and the average N/Z ratio of the former shifts to higher neutron number side, indicating a strong isospin effect of the fragmentation process for neutron-rich projectile at intermediate energies. The difference of the production cross sections between the inclusive and the coincident measurements for the close-by fragments demonstrates a good selectivity of the reaction mechanism by the coincident measurement. The isotopic distributions resulted from the coincident measurement for close-by fragments can well be reproduced by the simple abrasion-ablation model calculations as long as the proper nucleon density distribution is used, whereas the calculation underestimates the inclusive data which may be contaminated by reaction channels other than low dissipation process. In the mean time the calculations largely underestimate the data for far-away fragments which are produced predominantly by strong dissipative central collisions. This study suggests an independent way to extract the nuclear matter density distribution of the neutron-rich nuclei, especially in its surface region, by comparing the simple abrasion-ablation model calculation with the isotopic distribution of the close-by fragments in coincidence with emitted neutrons. Compared to the traditional method of measuring the interaction cross section to extract the density distribution, which includes some ambiguity [23] , the present method have advantages of using many data points simultaneously and relying on relatively pure reaction mechanism. Experiments with other neutronrich projectiles are certainly needed to further validate this method.
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